Abstract: Expected value of CDO satisfies a simple integro-differential equation if cumulative default loss process is Markovian. We show how it is derived and is solved numerically.
Derivation
Copula models equate expected values of the protection leg (V ) and the premium leg (W ) to back out CDO tranche premium. Following standard treatment, 
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where the propagator,
, conditional on whether jump occurs, can be written as
In (4), h is the jump intensity, δ is the Dirac delta function, and w is the conditional distribution density of jump size ξ . Applying (4) in (3) leads to the backward master equation
For simplicity, assume constant riskfree rate r . Differentiate both sides of (1) with respect to t and use (5); it is straightforward to derive (6) [ ]
Similarly,
Boundary and terminal (jump) conditions for Equations (6) and (7) are (8)
By linear superposition, expected value of the tranche to a buyer,
, follows
[ ]
Fair premium p can be backed out by adjusting the terminal condition (11) so that solution to ) , ( t l U is zero.
Numerical Solution
In general, Equation (9) needs to be solved numerically. Discretize the spatial domain ) ,
, and use simple trapezoidal rule to resolve the integral 3 ; we have
This is a system of N first-order ODEs that can be easily solved once the functions h and
) are specified. To back out p , we can use a root searching algorithm such as Brent's method.
For a toy example, consider
, Ĩ the identity matrix,
, and
. Table 1 reports premium estimates to various tranches. Figure 1 gives the solution profile to the junior mezzanine tranche. Note:
3 For sophisticated higher order methods, see Linz (1985) .
Realistic estimates might be found by choosing appropriate functional forms (or dynamics) for h and w . Potentially, CDO option could also be priced if we discretize the time dimension to allow for dynamic programming. 
where τ is default time, R the recovery 5 and )
( 1 ⋅ the indicator function 6 , we have
respect to t and apply (5) 8 , which gives 
Boundary and terminal (jump) conditions are found as:
Naturally, expected value of CDS to a buyer,
, satisfies 5 Assume R is fixed for now. 6 Other variables/functions are similarly defined as before. 7 Abbreviate ) (t l to l . 8 After replacing h and w in (5) with jump intensity and jump distribution for the individual obligor. 
